This study examined the microbiological features of the three reference strains of Bacillus thuringiensis whose noninsecticidal parasporal inclusions contain anticancer parasporins (PS2, PS3, and PS4). Morphometric analysis showed that the sizes and aspect ratios of the spores of these strains were in the range of those reported for the Bacillus cereus/B. thuringiensis group. The API 50CH test revealed that the carbohydrate utilization profiles of these strains were typical of the B. cereus/B. thuringiensis group. These parasporin producers proved resistant to ampicillin, and induced b-hemolysis on sheep blood agar. Overall results show that there is no significant difference in several phenotypic key characters between B. thuringiensis strains with PS2, PS3, and PS4 and those with insecticidal crystal proteins.
INTRODUCTION
Bacillus thuringiensis, a Gram-positive sporeforming mesophile, was first isolated from diseased larvae of the silkworm, Bombyx mori, in Japan as an entomopathogenic bacterium (Ishiwata, 1901) . During sporulation, it produces large crystalline parasporal inclusions consisting of unique proteins, named Cry proteins, that have strong larvicidal activity specific for several orders of insects. This property makes the organism an environmentally safe microbial agent in controlling insect pests of agricultural and medical importance (Glare and O'Callaghan, 2000) . Previous ecological studies in Japan, however, have demonstrated that non-insecticidal B. thuringiensis strains are more widely distributed than insecticidal strains in natural environments (Ohba and Aizawa, 1986; Ohba, 1997; Mizuki et al., 1999a; Ohba et al., 2000; Yasutake et al., 2007) . This raises the question of whether parasporal inclusions lacking insect toxicity have any biological activity as yet undiscovered (Ohba et al., 1988) .
Recent extensive efforts to screen B. thuringiensis Cry proteins with novel biological activities other than insect toxicity have provided a unique protein family, designated parasporin (PS), that exhibits cytocidal activity preferential for limited human cancer cells (Mizuki et al., 1999b . Currently, the protein family is divided into four genealogically different proteins , PS1 to PS4, by the difference in protein structures, cytotoxicity spectra, and activity levels .
In our previous studies, PS1 producers have been recovered from natural populations of B. thuringiensis in Vietnam (Yasutake et al., 2006 and Japan . Obvi-ously, these PS1 producers belong to the Bacillus cereus group sensu lato; however, substantial difference does exist in spore morphology and certain phenotypic key characters between the PS1 producers and ordinary B. thuringiensis strains synthesizing insecticidal Cry proteins (Ichikawa et al., 2007) . This raises a question whether phenotypic differences exist between B. thuringiensis strains with insecticidal Cry proteins and those with PSs other than PS1. The objective of this study was to examine PS2, PS3, and PS4-producing organisms for spore morphometry and characterization of key phenotypes.
MATERIALS AND METHODS
Organisms and culture condition. Non-insecticidal strains of B. thuringiensis used in this study were: the strain A1547 (serovar dakota, H15) with PS2 (Ito et al., 2004) , the strain A1462 (motile, serologically untyped) with PS3 (Yamashita et al., 2005) , and the strain A1470 (H22, serovar shandongiensis) with PS4 (Saitoh et al., 2006) . These strains were derived from natural soils collected from the three geographically distant areas in Fukuoka Prefecture, Japan. The reference strain A1190 that produces PS1 was also used in hemolysis experiments as the control. The media routinely used were nutrient broth and agar containing (g/L in distilled water): meat extract, 10; polypeptone, 10; NaCl, 2; agar (for solid medium), 20; pH 7.6. Bacteria were grown on the media at 27°C.
Morphometry of spores. For morphometry of spores, the organisms were cultured on nutrient agar at 27°C for 7 days. The mixtures of spores/ parasporal inclusions were harvested and suspended in distilled water. The suspensions were smeared on a glass slide, dried at room temperature, and fixed by gentle flame heating. The fixed smears were then observed with an Olympus BX50 phase-contrast microscope (Olympus, Tokyo, Japan) at a magnification of 1,500. The microscopic images were photographed for measurement of the length and diameter of 100 individual spores in each B. thuringiensis strain. The aspect ratio was calculated by dividing the length by the diameter of individual spore (Carrera et al., 2007) .
Physiological characterization. The API 50CH system (BioMérieux, Marcyl 'Etoile, France) with 50 carbohydrates was used for physiological characterization of the three B. thuringiensis strains. The test was done according to the manufacturer's instruction. Bacteria were pre-cultured on nutrient agar at 27°C overnight prior to use.
Hemolytic activity test. Production of extracellular hemolysins was assessed on blood agar, nutrient agar containing 2% (v/v) sheep erythrocytes. Sheep erythrocytes were purchased from Nippon Biotest Lab. (Tokyo, Japan). B. thuringiensis strains were pre-cultured overnight at 27°C on nutrient agar. Fresh cultures were then pin-spot inoculated onto blood agar plates. Formation of colonysurrounding b-hemolysis zone was examined after incubation at 27°C for 24 h.
Susceptibility to antibiotics. Susceptibility of B. thuringiensis strains to antibiotics was assessed by the disk diffusion method with BD Sensi-disc (BD, Franklin Lakes, NJ, USA). Ten antibiotics used were: ampicillin, kanamycin, gentamicin, streptomycin, tetracycline, chloramphenichol, ciprofloxacin, nalidixic acid, bacitracin, and SXT (sulfamethoxazoleϩtrimethoprim). The tests were done in triplicates by the manufacturer's instruction. Table 1 shows the results of morphometric analysis of the spores formed by the three paras-
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ϩ, positive; Ϫ, negative; w, weak reaction. porin producers. No significant differences were observed among the spores of the three in the length, diameter, and aspect ratio. In carbohydrate utilization tests ( Table 2) , all of the three strains were positive for acid production from 8 carbon sources: glucose, fructose, N-acetylglucosamine, esculin (glycoside), maltose, trehalose, starch, and glycogen. Arbutin, a glycoside, was utilyzed by the two strains, A1547 and A1470. Also, another glycoside, salicin, was utilized by the two strains, A1462 and A1470. Three carbohydrates were utilized by one of the three strains: the strain A1462 produced acid from ribose and A1470 from cellobiose and mannose. Acid production from sucrose and inulin was not evident in all of the three strains.
As shown in Table 3 , all of the three parasporin producers were highly resistant to ampicillin, while moderately tolerant to SXT (sulfamethoxazoleϩ trimethoprim). Among the three B. thuringiensis strains, only the isolate A1547 producing PS2 was resistant to tetracycline and chloramphenicol. None of the six other antibiotics, including bacitracin, inhibited the growth of the three parasporin producers.
When tested on sheep blood agar, broad b-hemolysis zones were clearly formed, surrounding the colonies of the three B. thuringiensis strains with PS2, PS3, and PS4 (Fig. 1) . In contrast, no hemolysis zone was produced by the reference strain A1190 producing PS1.
DISCUSSION
B. thuringiensis produces crystalline parasporal inclusions within the sporangia. This is only the character discriminating between two species, B. thuringiensis and B. cereus, in the B. cereus sensu lato (Logan, 2005) . Parasporal inclusions of B. thuringiensis often contain larvicidal Cry proteins specific for insects. It should be noted, however, that previous investigators have reported the occurrence of B. thuringiensis strains with Cry proteins lacking insecticidal activity but preferentially 424 M. ICHIKAWA et al. 
Antibiotics: AM10, ampicillin 10 mg; K30, kanamycin 30 mg; GM10, gentamicin 10 mg; S10, streptomycin 10 mg; TE30, tetracycline 30 mg; C30, chloramphenicol 30 mg; CIP5, ciprofloxacin 5 mg; NA30, nalidixic acid 30 mg; B10, bacitracin 10 mg; SXT, sulfamethoxazole 23.75 mg and trimethoprim 1.25 mg. ϩϩ, resistant; ϩ, moderately resistant; Ϫ, susceptible. killing human cancer cells in vitro (Mizuki et al., 1999b) . Currently, the anticancer Cry proteins, named parasporin (PS), are classified into four genealogically different groups, PS1 to PS4 . Recently, Ichikawa et al. (2007) established several phenotypic characteristics of the PS1 producers in comparison with those of the insecticidal organisms. Unlike the PS1-producing strains, however, little is known about the phenotypic characters of the organisms that produce PSs other than PS1.
In the present study, the three reference strains, each producing PS2, PS3, and PS4 were examined for spore morphometry and API tests. The results revealed that the aspect ratios of spores and carbohydrate utilization profiles obtained for the three PS producers are very similar to those associated with the insecticidal reference strains of B. thuringiensis (Ichikawa et al., 2007) . It also appeared that the present PS producers are similar to the insecticidal B. thuringiensis strains in having motility and hemolytic activity, and in tolerating to the antibiotic ampicillin. It should be noted that these three characteristics are assigned to the taxonomically important classic key phenotypes for identification of the B. cereus/B. thuringiensis group and B. anthracis (Logan, 2005) .
Interestingly, Ichikawa et al. (2007) have recently reported that (1) the eight geographical isolates producing PS1 were phenotypically different from insecticidal B. thuringiensis strains in lacking motility and b-hemolysis activity, and in having significantly lower values of spore's aspect ratios, and (2) they were also dissimilar to B. anthracis in tolerating to ampicillin. This has led to the hypothesis that the existing PS1 producers may constitute a distinct clade when compared with the three established members of the B. cereus group: B. anthracis, B. cereus, and B. thuringiensis. However, this is not the case with the organisms that produce PS2, PS3, and PS4. It is clear that these PS producers are different from the PS1 producers in the two important key phenotypic characters.
Finally, it is worthwhile to note that the B. thuringiensis strains synthesizing PS2, PS3, and PS4 proved susceptible to the antibiotic bacitracin. This is of interest because all of the existing PS1 producers are also susceptible to bacitracin, while the insecticidal strains are resistant to this antibiotic (Ichikawa et al., 2007) . More research is needed to determine whether bacitracin susceptibility is specifically associated with PS producibility.
